Background: Medical and surgical methods are available for abortions in both the first and second trimester. Aim: To review the evidence base and current recommendations for available methods of abortions in first and second trimesters. Methods: Extensive literature search and review of available guidelines were done. Results: In the first trimester, medical methods are recommended below 7 weeks gestation while vacuum aspiration is an appropriate method between 7 to 12 weeks gestation. In the second trimester, the three methods of abortion available are dilatation and evacuation, intrauterine instillation of abortifacients and administration of systemic abortifacients. Conclusion: The choice of techniques depends on many factors including uterine volume, operator experience, patient preference, medical history and indication for abortion.
Introduction
Abortion is one of the most commonly performed procedures in gynaecological departments worldwide. The latest estimated worldwide rate for abortion in 2008 is 28 per 1000 women aged 15 to 44 years old [1] . Worldwide, an estimate of 42 million induced abortions takes place every year [2] . Medical and surgical methods are available for both first and second trimester abortions. The choice of technique for uterine evacuation depends on many factors including uterine volume, patient's gynaecological history, abortion indication and operator experience. In Singapore, abortions are legal up till 24 weeks gestation. In general, indications for abortions include social reasons and medical reasons such as lethal fetal anomalies.
In this chapter, we will be reviewing the various methods of abortion available in both the first and second trimesters. Women should be informed that infection may occur after medical or surgical abortion and universal antibiotic prophylaxis is recommended [3] . The following regimens are suitable for peri-abortion antibiotic prophylaxis: azithromycin 1 gram (g) orally on the day of abortion or doxycycline 100 milligram (mg) orally twice daily for 7 days starting on the day of abortion, plus metronidazole 1 g rectally or 800 mg orally prior to or at the time of abortion. Discussion on the management of missed abortion is beyond the scope of this review.
First Trimester Abortion
In the first trimester, surgical methods via vacuum aspiration or medical methods using combined mifepristone and prostaglandin regimens or prostaglandin-only regimens are available. Both methods are safe and effective approaches for appropriately selected patients. For women presenting at less than 7 weeks gestation, surgical vacuum aspirations are three times more likely to fail to remove the gestational sac compared to those performed between 7 to 12 weeks gestation [3] . Medical abortion is therefore usually considered at these earlier stages of pregnancy. Between 7 to 14 weeks gestation, vacuum aspiration is an appropriate method though individual specialists may prefer to offer medical abortion at gestation above 12 weeks. Comparison of the characteristerics and complications of both methods is detailed in Table 1 .
Medical abortion (also known as medication abortion) involves the use of medications to terminate a pregnancy. Mifepristone, combined with misoprostol, is the most commonly used medical abortion regimen in the United States and Western Europe [4] . Mifepristone acts as an antiprogestin by binding to the progesterone receptor with an affinity greater than progesterone itself but does not activate the receptor. Studies have shown that uterine contractility and the sensitivity of the myometrium to the stimulatory effects of exogenous prostaglandins increases 5-fold at 24 -36 hours after administration [5] . Misoprostol is an inexpensive prostaglandin E1 analogue in a tablet form that is stable at room temperature. Studies have shown that misoprostol is more effective when administered vaginally rather than orally [6] . In addition, side effects such as vomiting and diarrhea were reported more frequently by women who received oral misoprostol as compared to those who received vaginal misoprostol [6] .
The FDA-approved regimen includes mifepristone 600 mg orally, followed approximately 48 hours later by a prostaglandin analogue, usually misoprostol 400 microgram (mcg) orally [4] . The efficacy of the FDA-approved regimen is approximately 92% for women with gestations up to 7 weeks [7] . The patient should have a follow-up visit approximately 14 days after mifepristone administration to evaluate whether the women has had a confirmed abortion. However, additional research has shown that the regimen could be altered to improve medical abortion in terms of expense, safety, speed and adverse effects. A Cochrane review has shown that the dose of mifepristone can be lowered to 200 mg without significantly decreasing the method effectiveness [8] . Vaginal, buccal and sublingual routes of misoprostol administration also appear to increase efficacy, decrease continuing pregnancy rates and increase the gestational age range for use as compared with the FDA-approved regimen [9] . Besides, a 6-to 8-hour interval between mifepristone administration and vaginal misoprostol administration has been shown to be as effective as a 24-hour interval and also results in significantly fewer adverse effects [10] .
In countries where mifepristone is not available, a misoprostol-only regimen can be used for first trimester medical abortion. The regimen includes a loading dose of 800 mcg of misoprostol given vaginally, followed by three further doses of 400 mcg of misoprostol given at three hourly intervals [11] . However, misoprostol-only medical abortion regimens are significantly less effective than those that use a combination of mifepristone and misoprostol, with an 88% efficacy with misoprostol-only regimen in abortions up to 8 weeks gestation [12] . Prostaglandins used alone also seem to be less effective and more painful compared to surgical first-trimester Cervical priming prior to surgical evacuation reduces the risks of cervical injury by making the cervix softer and easier to dilate.
Bleeding requiring transfusion, uterine perforation, cervical trauma, uterine rupture, infection, continuation of pregnancy and incomplete abortion requiring further intervention abortion [13] . A prospective study of abortions in gestations up to 8 weeks has shown that the misoprostol-only regimen has a complete abortion rate of 84.7% and 96.0% at 15 days and 43 days after initial administration of vaginal misoprostol [11] . The mean duration of bleeding was 11.7 days [11] . In countries where mifepristone is not available, this regimen can serve as a viable alternative. Bleeding and cramping will be experienced by most women undergoing medical abortion and are necessary for the process to occur. Common side effects associated with medical abortion include gastrointestinal discomfort (nausea, vomiting, diarrhoea), abdominal pain, excessive vaginal bleeding, headache, dizziness and fatigue. Surgical evacuation may eventually be required for incomplete abortion or continuing pregnancy.
Surgical termination of pregnancy in the first trimester involves vacuum aspiration using a suction device. Dilation of the cervix is usually necessary to allow insertion of instruments and removal of bulky uterine contents. Cervical priming prior to surgical evacuation reduces the risks of cervical injury by making the cervix softer and easier to dilate [14] . A number of effective methods available include osmotic dilators, antiprogesterone and prostaglandins such as misoprostol [14] . Osmotic dilators are inserted into the cervix and they swell gradually to prepare the cervix prior to surgical termination. This process requires a long latent period of 8 to 10 hours and is associated with the risk of infection [14] . Antiprogesterone such as mifepristone also requires a long latent period of 24 to 36 hours for it to be effective and has been associated with incomplete abortion and vaginal bleeding [14] .
Prostaglandins remain the most widely used method of cervical preparation prior to vacuum aspiration. Misoprostol has been shown to be equally or more efficacious compared to osmotic dilators or mifepristone [14] . It is also more widely used compared to gemeprost, another prostaglandin analogue, as gemeprost is expensive, relatively unstable and requires refrigeration for storage [14] . Both oral and vaginal routes of administration of misoprostol have been shown to be equally effective in preinduction cervical ripening prior to first trimester pregnancy termination [14] [15] . The minimal evacuation interval should be at least 3 hours for successful pre-abortion cervical priming and the optimal dosage is 400 mcg intravaginal misoprostol [16] - [18] . Increasing the time interval beyond three hours did not confer any additional advantage on the rate of successful cervical dilatation but was instead associated with an increase in side effects such as vaginal bleeding, lower abdominal pain and the appearance of products of conception at the cervical os [17] . The 400mcg dose of intravaginal misoprostol is recommended as it has lesser side effects such as abdominal pain and fever compared to the 600 and 800 mcg doses [16] [18] [19] . There has even been a case report of malignant hyperthermia after a 600 mcg vaginal misoprostol was used for cervical priming [20] . There was no significant difference among the 400, 600 and 800 mcg dosage groups with respect to achieving cervical dilation of at least 8 mm, whereas the success rate of the 200 mcg group was significantly lower than that of the 400 mcg group [19] .
Curettage can then be performed using either manual or electric vacuum aspiration or sharp curettage. The manual vacuum aspirator is a hand-operated syringe in which vacuum is produced retracting a plunger. In electric vacuum aspiration, a rigid suction curette is inserted into the uterine cavity before suction is applied using an aspiration device. A systematic review reported no significant differences in complete abortion rates or patient satisfaction between both methods for termination of pregnancy at less than 10 weeks gestation [21] . Compared to sharp curettage, vacuum aspiration was associated with a statistically significant decrease in blood loss, pain and duration of procedure. There was otherwise no difference in need for re-evacuation or severe complications such as uterine perforation or sepsis [22] . Sharp curettage however can be used to check the uterine cavity for retained tissue at the end of the procedure.
First trimester surgical termination of pregnancy has an efficacy rate of 98% to 99% [23] . Surgical termination of pregnancy does not require hospitalization except in women with medical or surgical disorders that place them at higher surgical risk. Women should be adequately counselled about associated complications of the procedure and proper consent should be taken. Complications associated with surgical method of abortion include bleeding requiring transfusion, uterine perforation, cervical trauma, uterine rupture, infection, continuation of pregnancy and incomplete abortion requiring further intervention.
Second Trimester Abortion
There are three methods available for second trimester pregnancy termination: dilatation and evacuation, intrauterine (either the intra-amniotic cavity or the extraovular space) instillation of abortifacients and administration of systemic abortifacients. Comparison of the characteristerics and complications of each method is detailed in Table 2 . [32] Complications are less frequent in earlier gestation. The preferred technique of cervical dilatation is to use multiple osmotic dilators.
Cervical laceration, hemorrhage, uterine perforation, infection, incomplete abortion requiring repeat evacuation (similar to first trimester surgical abortion) Intrauterine instillation of abortifacients 93% successful abortion rate [33] The location of the needle after insertion needs to be confirmed by withdrawing a small amount of amniotic fluid to prevent intravascular or intramyometrial infusion.
Transient fetal survival, gastrointestinal side effects, hypernatremia, fluid overload Administration of systemic abortifacients 97% successful abortion rate [28] Combined mifepristone and misoprostol regimen has been shown to shorten the induction to delivery time and decrease procedure-related pain compared to prostaglandin only regimens.
Fever, shivering, gastrointestinal discomfort, retained products of conception requiring surgical evacuation
In the 1970s when abortion first became legal throughout United States, abortion after 12 weeks was generally accomplished in hospital by instillation of intra-amniotic hypertonic saline [24] . Hypertonic agents are infused into the intra-amniotic cavity or the extraovular space to induce contractions leading to evacuation of uterine contents. Two major agents used are prostaglandin F2-alpha and hypertonic saline. Intra-amniotic prostaglandin F2-alpha is effective but associated with transient fetal survival and significant gastrointestinal side effects. Hypertonic saline has the advantage of causing fetal death but the duration of the procedure can be prolonged with possible side effects such as hypernatremia and fluid overload [24] .
Dilatation and evacuation has been shown to have half the rate of serious complications compared to instillation of abortifacients [25] . Second-trimester extraction requires dilation of the cervix and this technique involves an increased risk of cervical laceration and hemorrhage. It can be carried out using multiple osmotic dilators or intravaginal prostaglandins for cervical ripening. A vacuum cannula or a forceps can then be used to extract the fetal parts depending on the gestational age. Suction curettage is performed to extract any remaining tissue after the evacuation and the surgeon should also examine the specimen to verify that all products of conception have been removed. It is important that dilatation and evacuation can only be undertaken by gynaecologists who are trained in the procedure and has the necessary instruments. Majority of second trimester abortions in the United States are carried out by dilatation and evacuation [26] .
In view of the potential side-effects and complications of dilatation and evacuation as well as instillation of intra-amniotic agents, much research has been carried out for other alternative methods. Administration of systemic abortifacients is another commonly used method for second trimester termination of pregnancy. Combined mifepristone and misoprostol regimen has been shown to shorten the induction to delivery time [27] and decrease procedure-related pain compared to prostaglandin only regimens. Mifepristone can be administered orally or vaginally. A suitable regimen would be oral mifepristone 200 mg followed 24 -36 hours later by intravaginal prostaglandins (800 mcg intravaginally followed by 400 mcg orally or intravaginally at 3-hourly intervals up to a maximum of 4 doses) [28] . This regimen has been shown to have a 97% successful abortion rate [28] . In the event of non-availability of mifepristone in certain countries, prostaglandin only regimens may be used. Misoprostol, a prostaglandin E1 analogue, is also commonly used as a single agent for second trimester medical abortion in many parts of the world. A recommended regimen is the administration of 400mcg of misoprostol vaginally every 3 to 4 hours with a maximum of 5 doses [29] . The vaginal route has been shown to be more effective than the oral route with a shorter induction-to-delivery interval [30] . Compared to instillation of intrauterine abortifacients such as prostaglandin F2-alpha, vaginal misoprostol has been shown to result in a significantly shorter mean induction-to-abortion interval though the successful abortion rates at 24 and 48 hours were not statistically significant [31] . Fever and shivering however were more common with vaginal misoprostol [31] .
The primary factors in choosing a particular technique are the volume of intrauterine tissue, the experience of the surgeon and patient preference. Although use of abortifacients does not require a skilled operator, gynaecologists who use non-surgical methods must be prepared to employ surgical techniques of uterine evacuation when there are retained products of conception.
Conclusion
Medical and surgical methods are available for both first and second trimester abortions. In the first trimester, medical methods are recommended for early gestations before 7 weeks. Vacuum aspiration is suitable for abortions at 7 to 12 weeks gestation. In the second trimester, dilatation and evacuation as well as systemic or intrauterine instillation of abortifacients are available techniques. The choice of techniques largely depends on the gestational age, surgeon expertise and patient preference. Most importantly, women should be adequately counselled on all their options available as well as the associated risks and benefits so as to arrive at an informed decision.
